Dual phosphorylation controls Cdc25 phosphatases and mitotic entry.
Negative regulation of the Cdc25C protein phosphatase by phosphorylation on Ser 216, the 14-3-3-binding site, is an important regulatory mechanism used by cells to block mitotic entry under normal conditions and after DNA damage. During mitosis, Cdc25C is not phosphorylated on Ser 216 and ionizing radiation (IR) does not induce either phosphorylation of Ser 216, or binding to 14-3-3. Here, we show that Cdc25C is phosphorylated on Ser 214 during mitosis, which in turn prevents phosphorylation of Ser 216. Mutation of Ser 214 to Ala reconstitutes Ser 216 phosphorylation and 14-3-3 binding during mitosis. Introduction of exogenous Cdc25C(S214A) into HeLa cells depleted of endogenous Cdc25C results in a substantial delay to mitotic entry. This effect was fully reversed in a S214A/S216A double-mutant, implying that the inhibitory effect of S214A mutant was entirely dependent on Ser 216 phosphorylation. A similar regulatory mechanism may also apply to another mitotic phosphatase, Cdc25B, as well as mitotic phosphatases of other species, including Xenopus laevis. We propose that this pathway ensures that Cdc2 remains active once mitosis is initiated and is a key control mechanism for maintaining the proper order of cell-cycle transitions.